Practical Stabilization of Driftless Homogeneous Systems Based on the Use of Transverse Periodic Functions by Morin, Pascal & Samson, Claude
HAL Id: inria-00072439
https://hal.inria.fr/inria-00072439
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Practical Stabilization of Driftless Homogeneous
Systems Based on the Use of Transverse Periodic
Functions
Pascal Morin, Claude Samson
To cite this version:
Pascal Morin, Claude Samson. Practical Stabilization of Driftless Homogeneous Systems Based on
the Use of Transverse Periodic Functions. RR-4184, INRIA. 2001. ￿inria-00072439￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
41
84
--
F
R
+
E
N
G
ap por t  
de  r ech er ch e 
THÈME 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Practical stabilization of driftless homogeneous
systems based on the use of transverse periodic
functions
Pascal Morin — Claude Samson
N° 4184
Mai 2001
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65
 
			
	 !	"
#$%'& ()*#+,#$- ./01#+(2
3#$45!&,#6- %#78,%9#$#6:;#$!	0	<=-3,
	,
>@?BACD?BEGFIHBJ"KMLONQPRES?BT!U
VW
?YX8AHZL
[]\_^`bacRd5eDfg`h_ikjmlnfporqal$otsulnfp`bfkvwj=lwfgotq
x avwyDvzlw^`bav${or`bs_ipa|uav
}~wotal${jt~wa
+j=ssYor~zl x a~na{\_a~n{\aqB
c"=cd5jtf=r_+dsjttav
 m_tt aj x_x ~navnvlw\_as_~notipa`'o=
s_~njr{lnfg{j=ivzlnj=fpigfp "jmlnfporq ot x ~nf¡¢lnipa"vwv+q_otq_igfgq_ajt~]{otq£lw~noti
vwyuvlna`0vb¤$fplw\¥\_or`Rortaq_aorhvR¦ta{lwor~b§ai x v¨I©ªtaq_a~j=i]«aa x Yjt{¬ x a"vzfgtq¥jts_s_~norjt{\%­jrvza x orq
ln\_a0{orq{asul@otQlw~j=qYvz¦ra~vza«hq{lnfporqv~wa"{aqrlnipyfgq£lw~no x h{a x Dylw\_a0jthulw\_or~nv­Zfgv@s_~navwaq£lna x ¨[]\fgv
jts_s_~norjr{\jtipigom¤+v®lwo jr{\_fga¦tatigotjti
vzlnjt_fpigfg jmlnfporq¯o=jtqDy3qafgt\DYor~w\o£o x otlw\_aRot~nfgtfgq­YsBorvnvwfp_igy
fgq3lw\_as~wa"vzaq{a@o=j x_x f¡lnfp¦ra®d¥¬Dq_om¤$q3ot~]`bajtvwh_~na x d°sBa~wlwh~wj=lwfgotqv$jr{lnfpq_borq,ln\_avzyuvzlwa`3¨
±²£³Z´nµ¶ m·
t s_~njr{lnfg{j=i=vzlnj=fpigfp "jmlnfporq­qotq_igfpqaj=~vwyuvlna`­\_ot`bortaqaothYvY¦ra{lwot~Z§Yai x ­"lw~j=qvw¦ta~nvwa
«hq{lnfporq
  
3		%
	5: 

	0-,#73# %/01+()#$ & ()*+,#$.% 
$!	9#	
 :3%
	  #7m 
	  
 9#$
%#$':$
	03	0-,#$
    a;~j=s_sBot~wl {otq{a~nq_a¯ikj8vzlnj=fpigfgvnjmlnfporq¥s_~jmlwf£h_a x avzyuvzlw^`Ra"v q_orq_igfpq"j=fg~wa"v,vnj=qv
x ~nfp¦ra x otq£l]ipa"v{\Yj=`bsv x aG¦ra{lwah~nvvzorqrl\_ot`bort^qav¨®othvs_~vwaq£lworqvhq_aG`lw\_o x a@q~j=iga
x aGvwy£q£ln\_^vwa x a@iporfgv x a{ot`b`0j=q x at­£jtvaGvzh_~ikjq_o=lnfporq x a®«otq{lwfgotq0ln~njtqvz¦ra~vza$fgq£lw~no x h_fplwa x j=qv
hq8s_~{ x aqrlR~njts_sBot~wl¨  alwlwa3`lw\_o x a3sBa~n`Ral x a ~naq x ~wa tigotjtipa`Raq£lvlj=_iga3h_q8¦rotfkvzfgqj=ra
jt~wf¡ln~njtfp~na`baq£lsBalnf¡l x a3i  ot~nfgtfgq_at­!`!`ba3ipor~nv£h_a x a"vsBa~wlwh~wj=lwfgotqvRj xx f¡lnfp¦ravd¥{otq_qDh_a"vorh
`ba"vzh_~a"v d°jttfkvwvwaq£l+vzh~$ipavwyDvzlw^`bat¨
" ¶ " ´ #    vzlnjt_fpigfkvwj=lwfgotqs_~jmlwf£h_at­$vwyuvln^`baq_otqipfgqjtfp~nat­${\jt`bs x a¯¦ta"{lwah_~ \_or`bott^q_at­
«orq{lnfporq,ln~njtqvw¦ta~vwa
 
			
	 	 !#"$%&'"() *
+ 
#+

,.-/  ¶ ·=10 ¶ / 2
354  ² #60 0 / u ³ · ²87 / 0¢90 ¶ / 0 / · ²   #¢" :
_¨p<;®ot`botraq_af¡ly ¨¨¨¨¨¨¨¨¨¨¨@¨¨¨¨¨¨¨¨¨¨¨@¨¨¨¨¨¨¨¨¨¨¨¨@¨¨ =
_¨ ?>~@rYaq_fghv$[]\_aor~wa`'fgq ln\_a\_or`Rortaq_aorhv]{jtvwa ¨¨¨¨@¨¨¨¨¨¨¨¨¨¨¨¨@¨¨ =
_¨ * >~waavzyuvzlwa`0v ¨¨¨¨¨¨¨¨¨¨¨@¨¨¨¨¨¨¨¨¨¨¨@¨¨¨¨¨¨¨¨¨¨¨¨@¨¨ A
_¨ c [~j=qvw¦ta~nvwa+«h_qY{lwfgotqYv'¨¨¨¨¨¨¨@¨¨¨¨¨¨¨¨¨¨¨@¨¨¨¨¨¨¨¨¨¨¨¨@¨¨ 
_¨ = © hYvza«h_i1lw~j=qYv«or~w`0jmlnfporq ¨¨¨¨¨@¨¨¨¨¨¨¨¨¨¨¨@¨¨¨¨¨¨¨¨¨¨¨¨@¨¨ 
BC4 m_t90«r#+_D0 #606Eru90 ¶ / ¶GF ·% 0 F  # ² "IH ¶  ¶KJY² / ²D¶  ³  ²  L
2NM ² 90 J / # JB¶ &0«1H° / · ²O  P# ² ,RQ
STSVU WYX&Z[X
c   	 ( 
  
0-,
	
©GvzyD`bsulno=lwfk{;vzlnjt_fgipfg j=lwfgotq­$Dy`baj=qYv o=j {orqrlnfpqDh_orhv0«aa x Yjt{¬{otq£ln~woriS­$ot@ln\_aot~nfprfpqo=j
vw`boDo=lw\{orq£lw~notigigjt_ipavwyDvzlwa` 	 
  
    
¤$fplw\ j qDh_`Ba~  o={orq£lw~notifgq_s_hulvvz`0j=igiga~+ln\j=q¯lw\_abvzyuvzlwa`  v x fp`baqYvzfgotq"!­ZfkvGj q_otq$# lw~nfg¦£fkj=i
s~wor_ipa`­«or~ ¤$\_fk{\¥vza¦ta~j=i+vwotighulnfporqvb\j¦taBaaq¥s_~notsBorvwa x x h_~nfpq_ln\_a¯ikjtvzl x a{j x ar¨I[]\_a"vza
vwotighulnfporqv­
¤$\_alw\_a~ot~q_o=lRa|us_igfg{f¡lnipyjtvwa x orqlw\_a,fpq£lw~no x h{lwfgotq o=]ln\_a lnfp`ba,¦mjt~wfkj=_iga0fgq lw\_a
{otq£lw~notiigj¤.d¥~na{jtipilw\Yjmlbs_h_~na%# vljmlwa,«aa x jt{¬ vzlnjt_fpigfg jmlnfporq fkvfg`bsYo£vwvwfpipa3¤$\_aq lw\_a¦ta"{lnot~v
 
& (')'*'%+  
,&  jt~wafpq x asBaq x aq£l.- 0/pdfgqD¦torip¦raj x yDqjt`bfg{a|Dlwaqvzfgotqot  ¨$>_or~®fgqvlj=q{at­Blw\fgv
a|DlwaqYvzfgotq `bjyBabo=Qln\_aR«ot~n` 
1  32 
14 ­ 
1457682 
1  fpq;lw\_a0{jrvzao=j sBa~nfpo x fk{vzlnjt_fgipfg a~¨ ls~wom¦Df x avBln\_aa|u{f¡ljmlnfporq@qaa x a x lwoGjtvwy£`bsulno=lnfg{j=igipy@vlj=_fgipfg a!ln\_aQor~wfgtfgqo=Dlw\_afpq_fplwfkj=iDvzlnjmlna¦ta"{lwor~¨
[]\a x a"vzfgtqo=Zj=qjrvzyD`bsulno=lwfk{vlj=_fgipfg a~%«or~  ­tjtv!j®«h_q{lwfgotqRo=_ln\_a$j=h_r`Raq£lwa x vljmlna¦ra{lnot~"­m\jtv
Baaq\j=q x ipa x Dy,jts_s_igyDfpq_Y­_j=q x ot¢lwaq{ot`fpq_fgq_Y­u¦jt~wfgothYvlna{\_qf £h_a"v

lnfp`ba%# j¦ta~njttfgq_­D{aq£lwa~
`0jtq_f¡«ori x ­jt{¬uvzlwas_s_fgq_­g¨p¨g¨9¨;:y;{or`RsYj=~nfgvwotq¯¤$fplw\igfpqaj=~{otq£lw~noti x a"vzfgtq lwa"{\_q_frhav­1lwoDotikv@lwo
§Yq_aigy0lwhq_alw\_a{otq£lw~noti1sBa~w«ot~n`0j=q{aG\Yj¦tavzai x or` Baaq x a¦taiporsYa x ¨
©®q_o=ln\_a~`0jmlzlna~o=s_~jt{lwfk{jtiY{orq{a~wq0fkvlw\_aG~wor_hvzlwq_a"vwvo=%jtvwyD`bsulwotlwfk{+vlj=_fgigfp a~vQo=  ¨ >_ot~
fgqvzlnjtq{ar­fpl,fkv0vz\_om¤$qfgq3- <0/Glw\j=l­]¤$fplw\\_ot`bortaqaothYva|usYorq_aq£lwfkj=iGvlj=_fgipfg a~nv­Qln\_a;vwipfgt\£lnavzl
fg`bs_~na{fkvwfporq¯fpq;lw\_aR`bo x aigipfgq_3o=orq_aotQlw\aR{otq£lw~noti
¦ta"{lwor~+§ai x v+d¥¦Z¨ ¨ d o=Qln\_abvzyuvzlwa`<`0jy
~navwh_ipl@fgqlw\_abigorvnv@o=vzlnjt_fgipfplyt¨R[%o{or~w~na{l®ln\_fgvigjr{¬o=~nothvlnq_avnvG¤$f¡ln\~navwsBa{l@lwo`bo x aigigfpq_
a~w~not~v­>=8%8	$otsBaq?# igoDotsA@«aa x jt{¬{otq£lw~notiuikj¤+v{jtqRBa+hvwa x -gt­_rB/ ¨![]\a$s_~wor_iga` fkv­t\_om¤a¦ra~"­
orq_igy x fkvzsigjr{a x fgqblw\fgv¤jyr­rvwfpq{a+vzhY{\0\£yD_~nf x vzlnjt_fgipfg a~nvQjt~wa$qo=l­r«ot~fpqvzlnjtq{ar­t~not_hYvlQlnovz`0jtipi
¦mjt~wfkjmlnfporqv$o=!ln\_avnj=`bs_igfpq0lwfg`basBa~nfpo x ¨+©Gv$«ot~ Cfgsvn{\_f¡ln vzlnj=fpigfp a~v­lw\_ay`bjy3Ba~wor_hvzl+lwo
Bo=ln\ `bo x aipigfpqRa~w~not~vD-p"0/%j=q x vnj=`bs_igfpq_«~na £h_aqY{y ¦mj=~nfkjmlwfgotqYv­D_hul]ln\_afg~$s_~jt{lnfg{j=iZhvwa«h_igq_a"vwv
fkv!\jt`RsBa~na x Dylw\aMjr{lln\jml!lw\ayyDfgai x j@¦ra~nyvzigom¤ ~jmlwa]otB{orqD¦ta~ntaq{aQdsBotigyDq_ot`bfkj=iDfgqvlnaj x
ota|DsBotqaq£lwfkj=i ¨
[]\_ajtYom¦raG{orqvwf x a~nj=lwfgotqv{jtipiB«or~]j x fkvlnfpqY{l$¤jybot
j=ss_~wo£jt{\_fgq_ln\_a{orqrln~woriYot  ¨ q lw\fgv
sYj=sBa~"­Y¤a{otqvwf x a~Glw\_aRs_~not_iga` o=jrvzyD`bsulno=lwfk{vzlnjt_fgipfg j=lwfgotqo=j=q;jt~w_fplw~j=~ny vw`0j=igi  "	FEG=  BH= 91 =R"I	FE	­1¤$fplw\;lw\_aRa|Dlw~j ~na £h_fg~na`baq£lGot BIR!K"  'J&KLK NM )( "&BI "POm­Z_hul
otlw\_a~w¤$fkvwa+j=~n_f¡ln~njt~wyr­ 8 	!	RQ&"TS "I 9 
	Yjt{lnfpqotqblw\a®vzyuvzlwa`3¨Qor~wa$s~wa"{fkvzaipyr­tfp %U
 +WVX fgv
j®lwa~w` j x_x a x lno®ln\_a]~wfgt\£lY# \jtq x vwf x ao=  ­mln\_a${otq£ln~wori£vwotighulwfgotqRvz\oth_i x jtipigom¤ lwo@~naa{lln\_fkv
lwa~n`
fgq¯or~ x a~+lno vzlwfgipi!jt{\_fga¦rajtvwyD`bsulwotlwfk{vlj=_fgigfp "jmlwfgotqotj=q;jt~wf¡ln~njt~wy3vz`0j=igi
q_afgt\DBot~n\_oDo x otlw\_a
or~wfgtfgq¨[]\_as_~navwaq£l+sjtsYa~ x a¦raigotsv®j0vzoriphulnfporq3lwo0ln\_fgv®s_~not_iga` ¤$\_aq  fkv$\_or`bottaq_aorhv$j=q x
{otq£lw~notigikj=_igat¨ lfgvjtaq_a~j=igfp "jmlnfporqotBln\_a®vwotighulwfgotq x a"vw{~wfgBa x fgqZ-p1*0/«or~{\jtfpq_a x «ot~n`OvwyDvzlwa`0v­
jtq x fplfkvYjtvwa x orq,jln\_aor~wa`[-g"/1¤$\_fk{\ s_~nom¦Df x avQj{\j=~jt{lwa~nfg jmlnfporqbo=1lw\aDCfgaG©®ipra_~j+jtq_¬
 orq x fplwfgotq fpq;lwa~n`0v@o=ln\_aba|ufkvlnaq{ao=Yorh_q x a x sBa~nfpo x fk{«h_q{lwfgotqv@¤$\_fk{\ jt~wa 
  YBQ ""®lwo
ln\_a x fgvzlw~nfphulwfgotq raq_a~nj=lwa x £y0jvzalo=%vw`boDo=lw\,¦B¨ ¨  f¡ln\,~navwsYa"{llwo{otq£lw~noti x avwfgtqblwa"{\_q_f£h_av
x fgvn{hvnvwa x j=Bom¦tat­Qlw\_as_~notsBorvwa x vzoriph_lwfgotqj=ikvzofpqD¦rotig¦tavbj x yDqjt`Rfk{3a|Dlwaqvwfporq ot®lw\a¯vzyuvzlwa`¨
;®om¤a¦ta~­Bf¡l\jrvGj,«a¤ x fkvlnfpq{lwfg¦ta«aj=lwh_~nav­vzhY{\ jtv®lw\aRa|us_ipfk{fplhvzaRo=lw~j=qvw¦ta~nvwa«h_qY{lwfgotqYv­
jrv x a§q_a x fgq\-g"/ ­j=q x lw\asBorvnvzfg_fgipfplyo=fpq£lwa~ws~walwfgq_ ln\_alnfp`ba)# x a~wfg¦mjmlnfp¦ravGo=Qln\_aa|uottaq_othYv
x y£qYj=`bfg{b¦mjt~wfkj=_igavjrv@«~wa£h_aq{y {otq£lw~notifgq_s_hulv¨[]\_fkvfgqrlna~ns_~nalnj=lwfgotq{jtqBa0ln~njr{a x jr{¬lwo
]_^DS`]Ra
 
			
	 	 !#"$%&'"() =
- *0/ ­j¤ot~n¬ ¤$\fg{\ \Yjtvfpqvws_fg~wa x hvlw\_a{orqrln~woripikj=fpigf¡ly{\j=~jt{lwa~wfg j=lwfgotqfpq -p/ ¨©+q8fpq£lwa~wa"vl
ot{orqvwf x a~wfgq_,lw\_a0{ikjtvnv@o=\ot`botraq_aothv@vzyuvzlwa`bv@fkvGlw\j=l@ln\_ay j=igipom¤ «or~@riporj=ivzlnjt_fpigfg jmlnfporq
~navwh_iplnv¨,©+qo=lw\a~orq_a0fgvlw\j=la¦ra~ny;vz`boDo=ln\ x ~wfp¢lwigavnvvwyuvlna`  ­
igou{jtipigy {otq£lw~notigigjt_igat­%{j=qYa
igou{jtipigy,j=ss_~wo|ufg`0jmlwa x Dy,jb{orq£lw~notigigjt_ipa@\_or`Rortaq_aorhvvwyuvlna` -p&=D­G=/ ¨
[]\_a®sj=sBa~QfkvQor~w£j=q_fg a x jrv!«otigigom¤+v¨
 q,eDa{lwfgotq ¤a$~wa"{jtipivwot`ba x a§q_fplwfgotqvj=q x vzlnj=lwa+j«a¤
lna{\_qfg{j=iu~navwh_i¡lv¨![]\_a$`0j=fgqb~wa"vzhi¡lQfkvtfg¦taqbfpq eDa"{lwfgotq *¨
[]\_a x avwfprqbjtiprot~nf¡ln\_` fkvQvwh_`b`bjt~wfg a x
fgqfpqeDa"{lwfgotqcY­_j=q x fgipighvzlw~jmlwa x Dy,jtq a|_j=`bs_igat¨
[]\_a«otigipom¤$fgq_ qo=lnj=lwfgotqfkv+hvwa x ¨ G( 1 =`bajtqv+ot{ikjtvnv  ¨ & +	* x aqo=lwa"v+ln\_a{ipo£vza x
Yj=igiBfgq
  {aqrlna~na x jml] a~no­ujtq x ot%~nj x fghv  ¨ 
 x aq_otlwavln\_aotq_a)# x fg`baqvwfgotqjtilnot~nhv¨  
  x aq_o=lnavln\_a f x aq£lwfply;`0j=lw~nf¡|1¨! #" x aqo=lwa"vlw\a Cfga x a~nfp¦mj=lwfg¦ta0o=lw\a0«h_q{lwfgotq$"
jtiporq_lw\_a¦Z¨ ¨  ¨
%  #+	(2	,%/23#'&3	!	   4
#$-3
(*),+ -/.102.3456487:9<;
 a~na{jtipiZBaigom¤IjR«a¤ jrvzfk{ x a§qf¡lnfporqv

vwaaar¨ Y¨8- =_­YAL/1«ot~$`bor~wa x alnj=fgikvX¨
= fg¦taqj K "	FEL=DQ "' >   >  +)')'*')+ >    >  ? & @BA ­%j  	#
	DCFEG  H ? &  orqI
  fkvj `0jts
«~not`J
  lwo
  x a§q_a x DyCFEG    H E	K   +)'*')'%+ H E,L    ¨$ qlw\_fkv®sYj=sBa~"­¤avz\Yj=igiotq_igy{otqYvzf x a~x fpikjmlnfporqv¤$fplw\fpq£lnata~Y# ¦mj=igh_a x ¤afgt\£lnv­%f ¨ ar¨>  NMO@PA ¨,[]\_fkvfkvq_otljipfg`bf¡ljmlwfgotq Ba{j=hvwaR«ot~
vw`boDo=lw\¯«h_q{lnfporqv+dor~®¦Z¨ ¨ d­BfplGfkv@j=ig¤jyuv$sBorvnvzfg_igalno,~navn{j=igaln\_a¤afgt\£l®¦ra{lnot~@vzo0ln\jml@lw\fgv
jrvwvwh_`bsulnfporqvYavnjmlnfgvz§a x ¨
© «h_q{lwfgotqD" Q U


 R 
  fkv =  ( WE"K"LIR  )8" E""TS8K 	= " SY" 'I=R"()	% )	# !	   CFEG  G<U U ­or~`bot~na {orq{fkvzaipyVCFEB#X=R ( XE8"K"LIR  " E""WS­fp @XH ?
& + @   
  + "  CWEG  HY "  ` ¨
©ZCFEB#X=R( XE" " GIR)  ( fkv@j sBorvwf¡lnfp¦ra x a§q_fplwaR«h_q{lwfgotqotqV
  ­8CFEB# \_ot`botraq_aothvGo= x ar~waa
orq_at¨
©Ovz`boDo=ln\¦Z¨ ¨6[6orqQ
  fgvTCFEB#X=R( XE8"K"GIR   " E " "\ f¡­B«ot~@j=igi A 2] +)'*')'%+ !­ln\_a«h_qY{lwfgotqO^ 6P_ [   ` fgvCFE%# \_or`bottaq_aorhvRo= x at~naa`\ba/>  ¨ C%al,hv ~wa"{j=igi]lw\Yjml,fpc[  + [ 4 jt~wadCFEB#\ot`botraq_aothvZot x at~naae\  + \ 4 ~navwsYa"{lwfg¦taipyr­ln\_aqgf [  + [ 4ih fkvCFE%# \_or`bottaq_aorhvZo= x at~naa1\  ac\ 4 ¨ a~na`bfpq x ln\_a~wa"j x a~lw\j=l­vw`bo£otlw\j=q x \_or`bottaq_aorhv«h_q{lwfgotqv­uot~$¦Z¨ ¨p­jt~wasBotigyDq_ot`bfkj=i ¨
>
fgqj=igipyr­D¤a®vnjylw\j=l]jvwalj   +)'*')'%+   k o=¦Z¨ ¨
d¥ot~lw\_a@jtvnvzou{fgj=lwa x vwyuvlna`  d2fgv  	 S "   8" xPl Qf¡ACfga_~jt{¬ralnvo=ulw\avwa¦Z¨ ¨
o=_igaq=lw\igjt~wra~ln\j=q%­"or~a£hj=itlwo­ xPl j=~naQf x aq£lwfk{jtipigy a~no¨
(*)m( n6oqprc4857,sutNvDwu4.oq40 7,5x9qw64yw6.102.3148564.esutzB{t|4
[]\a@sh_~wsBorvwa@o=%ln\_fkv+vza"{lnfporq,fkv]`Ra~waipy lwoRsj=~wlwfk{h_ikj=~nfg aGlw\_a{orqvwa{~jmlna x lw\_aot~na` o= >_~ @tBaq_fghv
lno3lw\_a {jtvwaRot\_or`bottaq_aorhv@¦Z¨ ¨g­jtq x sYorfpq£lothula|Dlw~j riporj=i!s_~notsBa~wlwfgav~navwh_iplwfgq_ «~wor` lw\fgv
j x j=s_lnjmlnfporq¨[]\_as_~no£otfkv$tfg¦taq,fgq3lw\_ajts_sYaq x fp|1¨
STSVU WYX&Z[X
A   	 ( 
  H ²D¶  ²  , "   +*')')')+   8"  '" ( 1 = Q  $

  CFEGH =R( XE" " GIR  ( " K "	FEG=8Q "' u>	 BI ( "=R   	 K"	FEL=YP=R19  " &  =R"  	!	
BI !	 "E" "" %   +*')')')+  	$	 Q& I 
	RQ "  	( "Y	  
`=R"   = "" "8	  "1  j A  +)')'*'%+ A   k  	K	 " 	 j ] +)'*')'B+ ! k  K  ( BS SK	 E    
 R 
    K =8	%= 
	6%I=R"=8"" #LK 	>E5SGBS "!	"  @PA j ] +)'*')'%+  k + @F j ] +)'*')'B+ ! 6  k e  & 	  G%  O] +)'*')'%+ ! 6    	CFELH =  ( WE"K"LIR) " E " "u>   ! `=R" ( 
	"$#&%#(')
  	 	 Q&"!	
#"   %     *#&%#+')
&       K 	=*,
   K +)'*')'%+W  L-/.  
(*)10 n6oq44 t;6t 9480 t
 a~na«a~]ln\_a~wa"j x a~]lwo - _­19AL/«ot~+jb{or`bs_~wa\_aqYvzfg¦ta@fpq£ln~wo x h{lwfgotq¨C%alhYv{otqvwf x a~j§q_fplwa@vzalo=fgq x alwa~w`bfgqjmlnave[  +)'*')'%+ [  ­uj=q x,x aq_otlwa+Dy;Cfga

[  ln\_a+«~naaC%fpa$jtipra_~j+om¦ra~ 
 taq_a~jmlna x £ylw\_a'[   v¨  a+j=ikvzo x aqo=lwa]Dy32  [  lw\a+vzal!ot«or~w`0j=iD_~jt{¬ralv
fgqlw\a[

 v¨  a hvza lw\_a q_o=ljmlwfgotqYv34    lno x aqo=lwa lw\_a ipaq_=ln\ o=+j«or~w`0j=i_~jt{¬tal  ­j=q xH   W+5    lwo x aq_o=lnafplnv!iga¢lQjtq x ~nfpr\£lMjr{lwor~­mf ¨ at¨«ot~64    ? ] ­<  f H   X+75    h ¨Q[]\fgv
ikjmlzlna~
qo=lnj=lwfgotqa|Dlwaq x vqj=lwh_~j=igigylwo H 5   W+5 4   W+)'*')' jtq x vzoG«ot~wlw\0jtvMjt~Qjtvlw\_a$igaq=lw\Ro=B sYa~w`bfplnv
fpl¨ >_ot~@j=qDy vwal98  j   +)')'*')+   k o=Qvz`boDo=ln\¦Z¨ ¨g­1j=q x jtq£yg  2

[  ­B¤a x aqo=lwaDy:¦;   
ln\_a ")Q& I  !	  ( BS­_f ¨ at¨<:¦ ;  [    

­_jtq x :¦ ;  f H   X+75    h   f :¦ ;  H   YX+ :¦ ;  5   Y h ¨
[]\_a x a§qf¡lnfporq o=j }
¨ ;Gj=igi®jrvzfkv0ot C%fpa  [  dfgqlw\_a;ot~nfprfpqjtiS­qjt~w~nom¤ vwaqvwad fgv,q_om¤
~na{j=igipa x ¨
M ²7 / 0¢10 ¶ / ,   =?>D &	A@   	"  [  	 ' '  % "" BIG"  B2  [  BI B= =R 	C %= [   "# E D@	
 FE6* + HG  @ =RGQ&")#" E =I4   <J 4  HG   =R" J HGK! FE6 H   X+75     2  [   = "    f H   W+5    h  2  [  	   K   % 	  H   W+5     @K 	 = H   LJM5      K "	 = " M	 O 5    	 K"    = "1[  N    M		 O 5     f H 5   W+5 4    hK 	 = H 5   PO H    C%alQ@  j   +)')'*')+ 	R +*')'*' k x aq_otlwaj}¨ ;Gj=igi]jtvwfgv­jtq x @ '  j   +)')'*'%+  ' k Ya3lw\avwh_vwal{ot`bsBorvwa x otlw\_aR§~vlS,! aiga`baqrlv®otT@ «ot~vzor`RaRj=~n_fplw~j=~ny fgq£lwara~S,!¨IUGq_a{j=q;jrvwvwou{fkjmlwalw\_a
«oripigom¤$fgq_  " " %&"( - 0/%¤$fplw\V@ 'XW
2 ' ZY 
X[  

«or~  [ 
X[   G&\ [^] 
`_ \ [^] «or~  @ ' ¤$f¡ln\a4    ? ] '

 
 lfkv3vzlw~j=fgt\£lw«ot~n¤jt~ x lwo ¦ta~wfp«y lw\j=l

  x a§qavj x ~wfp¢lwigavnv vwyuvlna`)orq/
 ' otlw\_a «ot~n`  ¨
>otigipom¤$fgq_- / ­!¤a \Yj¦ta0fgq x a|ua x lw\_a vljmlwa,¦jt~wfkj=ipa"vDy aipa`baq£lnvo=]lw\_a3}
¨D;Gj=igijrvzfkv¨¯[]\fgv
qo=lnj=lwfgotq3fgv]`botlwfg¦j=lwa x Dy0ln\_a«otigigom¤$fpq_b~navwh_ipl - */ ¨
]_^DS`]Ra
 
			
	 	 !#"$%&'"() 
 ²   , "8N j ,   +*')')')+ ,   k "K" =R""D   ! (Q&  &9	 '" K 	=)=R" "" %&'"(2 ' a`=R"  	  G%   @ '  C Q ';    [   [ a [?[	 
 [ [    [	K 	 =  [ I  1"       I=R 2 ' !	  "  = "  	"D  E"1 ?J    	!	   
 ' 
 	  G% "   !	! % K" E !	RQ&"	 '" E8"6\  +)'*')')+ \   "%= Q  , 

	6CFE H =R ( XE8"K"LIR
" E""u\  K 	=W> =R" K "	FEL= Q "' 8" K" %
Y > [  6 \     [ > [  > G&\ [^] a > _ \ [ ]  64    ? ] '
>~wor` q_om¤¥otq­D¤aGvw\j=igiBotq_igy0{otqYvzf x a~]vwh_vwalnvB@ ' otjvwsYa"{fp§Y{@}¨ ;Gj=igiBYjtvwfgvL@8orulnjtfpqa x DyvwsBa{fp«yDfpqbjtqot~ x a~]otq3_~jt{¬ralnv¤$\_fk{\3\j¦taa £hjti1ipaq_=ln\v¨ P ² 0 7  ¶ · ² D  [  J [I  A J 
  4     4  HG  ? ] +  J HG  "! H   PJ H  HG $# or~ ! H     H  HG  j=q x 5   PJ 5  IG %# 
 ²   3   Y	8" $( 9 =I  !#8#" %&"(    
   BI %=)=R  =R"DQ    +)'*')'%+    "CFE H =R ( XE8"K"LIR " E " "\  +*')')'*+ \  J
&
",SY"!	RQ " %   $ ( " K "	FEG=8 Q&"*>`=R"  =R""I" 8	 ,!  M       G
#8#"  K =R ( XE8"K"LIRI %   ( 	 " 8"Y	    
 ' 
 &D ''' ''' 
  
   
  ` 

(;   	)
Y +*( , 

* 
K =	B= 	 ",+)I 	RQ  #"   Q1	  E#T%=R >E8"   1   	K"  '  = "  " "$%&'"( 2 ' = I =R"(  " 	 T\ a ] "K")=R"  8"I  G	 S "K%  Wj   +)'*')'%+   k  ,!    " %=R "   =R"  I (  " 8BJ"
$	*@ $#" E =   (   "-+%I ' \X
[]\fgv@~navwh_i¡l"­Z§~vls_~nom¦ta x fgq -pcL/ ­1fkv@¬Dq_om¤$q jrv+ln\_a0$o=lvw{\_fgi x # eDlwafgq;igfp¢lwfgq_3lw\_aot~na` d¥vwaabj=ikvwo- cL/pd «ot~@«h_~wlw\_a~ x a¦raigots_`baq£lv¨>ot~{or`Rsipalwaqavnv­j s_~no£otjrvza x otq[]\_aor~wa`6fkv@tfg¦taq;fgq
ln\_aj=ssYaq x fp|Z¨
STSVU WYX&Z[X
   	 ( 
(*)  vFoq{5te4o t|4 s5uzP9q7:.e5ut
[]\aG«oripigom¤$fgq_b~wa"vzh_ipl$¤jrv]s_~nom¦ta x fpq -g"0/ ¨
4  ¶ P ¶ 90¢10 ¶ / ,  " ,   +)')'*')+ ,   8"  '" =R" Q&  =2 '? `= "   = " ")" 8	
   ( 	 %

"   U U PI  !	   	    '  R  '
,& +	)W BI B=  =  
@  ?
& + @	W  '  + 
 "

 

 W & +  c K 	=
 

    ,  

" 

 Y '*')' ,  

" 

 W"6  "       ')'*' 6  "   ' 

    = 
(*)  sut|4isF9oq{5t .o0 { 9q7:.e5
[]\aQq_a|Dl
~wa"vzh_ipl%sBotfgq£lnvorhulln\_aa|DfkvzlwaqY{aQotuj+`bjts_s_fgq_+¤$\_o£vza~woripafkv%{aq£lw~j=itlwo$ln\_avzlnjt_fpigfg jmlnfporq
lna{\_qf £h_as_~notsBorvwa x fpq3ln\_aq_a|Dl+vwa{lnfporq¨Q[]\_as_~noDo=fkv$rfp¦raq,fgq3lw\_ajts_sBaq x fp|1¨ ²   B  " ,   +*')')')+ ,  ' 8"  '"$( 9 = Q& $
 ' BI B=  =  BO  $( " K "	FEG=88Q "' I,>  "%= ,

	uC 'E H =R( XE" " GIR $ ",E !	RQ ")8",E"" 
 O ,  
,& X+)')'*')+ ,  '
&   " 	 "  %I	 "S "K8"G 
O j ,  +)'*')'%+ ,  ' k 	  &	  GQ&"u
   * A j ,   +*')')')+ ,  ' k `= "   = " "" 	
 ( PS SK	 Ea     
 ' 
 'R 
 '  BI B=  =    @  + (A  
 ' 
 ' + @XH &   C 'E G + C 'E G (A  C 'E G   +*(A   @PA j ] +)'*')'%+ ,! k + @  + (A  
 ' 
 ' +    + (A ,
W  a   (  + (A f ,
W 6 , 
  6 (  h  & +  A 
!  @  + (A  
 ' 
 ' + #&%#  + (A 	 	 Q&"!	
#" K #&%# ,& + &    ' 
 F  +*(A  &  (  & 
  Q
	 1
3		!	 2 !	"!#$% &,(2*#+ #$-, %/0	
#+()
[]\a s_~notsBorvwa x {orqrln~worijts_s_~norjr{\ fgvRjrvza x orq8ln\_a3«otigipom¤$fgq_;s~worsYo£vzfplwfgotq­¤$\_fg{\ fkvln\_a`0j=fgq
~navwh_ipl$o=
lw\_asjtsYa~¨
]_^DS`]Ra
 
			
	 	 !#"$%&'"() <
4  ¶ P ¶ 90¢10 ¶ / 3  Y	" ( 9 = G
  ##"%&'"(   c
   BI B=$=R  = " Q&    +*')')')+  "CWE H =R( XE8"K"GIR " E""u\  +*')'*')+ \  J
&
" S "
	RQ "%   $( " K "	FEG=8 Q " ' *>  "
 &  
,    ,
 ,   G
8"  '"   %   ( 	 " 8"Y	    N
 ' "-+)I 	RQ&#"G)'=R")"" %&'"( 2 '    8" K" 	 "()(    
 "K '"    A y] +*')')'*+ ,!  , 
  C Q ;     K 	= 8  j ,  +)')'*')+ ,   k `=R"  =R"" " 8	      
 '  
 'R 
 '  K =	B= 
	  "  PSY"!	"       "( (  ! `I =R"( "  I  %$PI  !	 D"      '  R  ' & +#*Y   G% PI  !	  d    
 R  'X   K  # E  G% 
"' %   & 
\
\ V
   , + ,;6 "    WY    (  ,+ , 6 "    Y        K 	=  )  +*')')'*+Y  + 
  +)'*')')+ 
 ' 	 
       ,  

"

 Y '*')' ,  

"

 W"6  "     ;')')' 6  "  '( 

   '  < 
4  ¶¶KF  :yj=ss_ipfk{j=lwfgotqo= Ca`b`0ju­mln\_a~na]a|ufkvlvj x y£qYj=`bfg{]a|DlwaqYvzfgotq  & o=  a£h_fp¦mjtipaqrl!lnoj
«~naaGvzyuvzlwa` 2 ' ¨ >_~not` Ca`R`0j0r­=ln\_a®¦Z¨ ¨ ,  +)'*')'*+ ,  ' vnjmlwfkvz«yRjtipiBjtvnvzh_`bsulnfporqvot C%a`b`0j*¨
[]\_aa|ufgvzlwaq{a@o= «otigigom¤+vDy,jts_s_igfg{jmlwfgotq o=lw\_fkv]ipa`b`bj¨Q©®v«or~~naikjmlnfporq   ­ufpl$fgv]a"jtvwfpigy0ot_lnj=fgq_a xDy x fBa~waqrlnfgj=lwfgq_  ,+ , 6 "   Y ¤$fplw\;~navwsBa{l®lwo lnfp`baRj=q x Dyhvwfpq  A $¤$fplw\ ( , 6 "   
fgq3lw\_a{j=ik{h_ikjmlnfporqv¨
 ¶  ¶ # #Mu ³ , T   G% > I BK 	)H'8#" ( 
	"  
 '  '  K  % !  BQ&"" PI K!	 N" 	 "  BI B=  =    = " (  !	"      	$	(Q "!	
 " ) G%    = "$( 9 =   !#LK
   ,+             (  ,+ , 6 "    W       ,+ ,;6 "    Y   
"YBI " ")SY K" !	 '8	 	 1 !	   F  &    ;I  !	(  '") LI  "  "    %  
4  ¶¶KF   l x fg~wa"{lwigy«otigigom¤+v+«~not`

 Gj=q x  " +lw\j=ljtiporq_ lw\_aRlw~jma"{lnot~nfpa"v+o=lw\_a0{ipo£vza x ipoDors
vwyuvlna` 
   
vwoGlw\j=l­tvwfpqY{a fkv ;+h_~n¤$fplw £y x a§q_fplwfgotq%­(0{otqD¦ta~wrava|usYorq_aq£lwfkj=igigyGlno a~no¨D>_~not` }~notsBa~wlwfgav
bj=q x cfgq C%a`b`0j *­otq_a0{j=q vw\_om¤ln\jmlH  , + ,6 "  6P_ & fg`bs_igfpa"v, 6 " 6_ & ¤$\_aqV" fgv
~navzlw~nfk{lwa x lnobjRBoth_q x a x vwal¨Q[]\fgv]fg`bs_ipfgav]hi¡lnfp`0jmlnaYorh_q x a x q_a"vwv]ot , £Dy  jtq x ­_vwfpqY{a  fgv$j
vwh_$# ¦ta"{lnot~]o=F, ­uh_iplwfg`0jmlnaYorh_q x a x q_avnv$ot  uDy  j=ikvzoY¨
STSVU WYX&Z[X
"   	 ( 
 ² u  ,  q¦£fga¤ o=@lw\a;{orqrln~wori$a|us_~navnvzfgotq

" ­ln\_a¯{orq£¦ra~ntaq{a3o=D¥lno  a~wofg`Rsipfgav
ln\jml@lw\ab{otq£lw~noti%lwaq x v@lwo3 a~woY¨[]\_fgv@`bajtqv@fpq sj=~wlwfk{higjt~®ln\jml 
 ­fgq£lwa~ns_~nalna x jrv@j,¦ta"{lwor~Got
vwaipR# j x jtsulwfgq_{otq£lw~noti«~warhaq{fpa"v­u{orqD¦ta~nta"v!lwo a~woY¨®o=lwaj=ikvwolw\j=lln\_a{igorvwa x # ipoDors0a £hjmlnfporq
   3{j=q vlnfpigiYBa@aqu«or~n{a x ¤$\_aq  fkvsBa~wlwh~wBa x £y0j¬Dq_om¤$q  ot~`bajtvwh_~na x ­rhulotlw\_a~w¤$fkvwa
jt~wf¡ln~njt~wyr­£j x_x fplwfg¦ta@¦B¨ ¨  U ¨ q x aa x ­uf¡l+vwh {a"vfgq lw\_fkv${jrvza®lwo0j x_x lw\_aj x a £hj=lwa{ot`bsBaqvnjmlnfpqlna~n` lnolw\_a+a|us_~wa"vwvwfgotqotYln\_a+a|£lnaq x a x {orqrln~wori  ¨![]\_fgvQfgvipa¢ljtvQjtqRa|ua~{fkvzalwoln\_a$fgqrlna~navzlwa x~naj x a~"¨
  #$	* *!	
&3( , # (2:3#
 q¦Dfga¤ otln\_a0s_~na¦Dfporhv~navwh_i¡lv­%¤a0{jtq s~worsYo£vzaRlw\a«oripigom¤$fgq_{otq£ln~wori x avwfprqjtiprot~nf¡ln\_`ª«ot~
ln\_as_~jt{lwfk{j=i1vzlnjt_fpigfg jmlnfporq ot!jtq3jt~wf¡ln~njt~wy0{orq£lw~notigigjt_ipa@\_or`Rortaq_aorhv]vzyuvzlwa`  ¨
 ¶ /  ¶ #· ² 90 J /  ² P ,  >
fpq x j x yDqj=`bfk{a|Dlwaqvwfporq  & ot  a £h_fg¦jtipaq£l+lwo jR«~naavwyuvlna` 2 ' ¨ >
fg~nvzl­ ,! \jrv]lwoBa x alna~n`bfpq_a x ¨!  \ua ] x aq_o=lnavlw\_a@ot~ x a~ot%q_fgipsBo=lnaq{y o=  ­ ,! {j=q jtip¤]jyuvQBa{\_orvwaq3jtvlw\_a
qDh_`Ya~otaiga`baq£lnv x a	@8otipaq_=ln\\j=l`borvzl¨[]\_aq­£¤$f¡ln\  x aq_otlwfgq_ln\_aGvzlnj=lwa®¦ra{lwot~o=?2 'Z­ & fkv
hvzlA2 ',¤$~nfplzlwaq fgq3lw\_a{oDot~ x fpqYjmlwa"v ,  ,   x a§qa x Dy
,  `     `,&  'P 
	  
¤$fplw\  ln\_avzoriph_lwfgotq3o=    `  !  
  ')'*'  '
 ` # ! ,  
 ` '*')' , '
 ` #      ,&   &
¤$\a~na 
  :Q¦ ;     jtq x , 
  :¦ ';     d 8 x aq_o=lnfpqblw\_avwal+ot!{otq£lw~notiZ¦Z¨ !o=  ­ 8lw\_avwal+ot{otq£lw~noti1¦Z¨ o= 2 'Z­Yjtq x   j=qaiga`baqrlGo=<@ 'B¨][]\a`0jmlw~nfp| 	 fgvGj=qDy,sBa~n`h_lnjmlnfporq`bj=lw~nf¡|vzhY{\ln\jml    & 	 
   & 
fkv]fgq£¦ra~wlwfg_igat¨ ² P 3   or`bs_hulwa jMj=`bfgipy  "   U U ot]lw~j=qvw¦ta~nvwa«hq{lnfporqv«or~  & ¨© x avwfprq j=igtot~nfplw\_`fgvs~worsYo£vza x fgq -g"/$lno {ot`bs_h_lwa3lw~j=qvw¦ta~nvwa «hq{lnfporqv ," «ot~ j=qDy«~naavwyDvzlwa` 2 'Z¨ [~j=qvw¦ta~nvwa«hq{lnfporqv]«ot~  & jt~wa@lw\aqotulj=fgq_a x Dy vwalwlwfgq_b"   , ,"  ¨ ² P B  >
fpq x j`0j=s_sfpq_ ¤$\fg{\vwj=lwfkv§Yavlw\_a{otq x fplwfgotqYvot C%a`b`0j *«ot~]ln\_a¦Z¨ ¨ ,  +)'*')'%+ ,  'jrvwvwou{fkjmlna x ¤$fplw\  & ¨ ² P 2  >ot~n` lw\_a${otq£lw~noti£a £hj=lwfgotqRfpqa  , + ,86 "    Y jtq xRx alna~n`Rfgq_a]jG«aa x jt{¬{otq£lw~noti£¤$\_fk{\
a|usYorq_aq£lwfkj=igigy,vlj=_fgigfp avAlnob a~nod «or~$a|_j=`bs_igat­_jts_s_igy0lw\a{otq£ln~woriBikj¤   ¨
]_^DS`]Ra
 
			
	 	 !#"$%&'"() r
:a«or~wafpigiphYvln~nj=lwfgq_$lw\fgv
j=igtor~wfplw\_`I¤$f¡ln\jtqa|_j=`bs_igat­igalhYv`baq£lwfgotqlw\j=l%lw\a{jrvzao=_{\j=fgq_a x
«or~w` vzyuvzlwa`0v$\Yjtv]s_~na¦Dfgothvwipy,Yaaq3lw~naj=lwa x fgq -p1*0/ ¨ >_ot~+lw\_a"vzavwyuvlna`0v­_jb~navwh_ipl®vln~worq_ta~lw\jtq
¤$\Yjml®ln\_a x fp~na{l@jts_s_igfg{jmlwfgotqotlw\_aRs_~na¦DfgothvGj=igtot~nfplw\_` yDfpai x vG¤]jtv+orulnjtfpqa x ¨ot~nas_~na{fgvwaigyt­
ln\_aj=igtor~wfplw\_` fpqD¦torip¦ravRj x yDqj=`bfk{ a|DlwaqYvzfgotq o=Glw\_a¯{\jtfpqa x vzyuvzlwa` ¤$\_fg{\%­fgq Mjr{l"­fkvbq_o=l
qaa x a x ­ x h_a,lwo¯vwsYa"{fp§Y{ vzlw~nh{lnh_~njtiQs_~notsBa~wlwfgavot+{\j=fgq_a x vwyuvlna`0v¨  orq x fplwfgotqvhq x a~¤$\_fk{\
ln\_a x fg`baqvwfporq otln\_a x yDqj=`bfk{Ra|Dlwaqvzfgotq{jtq Ba {\_o£vzaqvw`0j=igipa~Gln\j=qln\_a x fp`baqvzfgotq ,! o=j
«~naavwyuvlna` jt~wa{h~w~naq£lwigy0fgq£¦ravzlwfgrj=lwa x Dy0lw\aj=huln\_ot~v¨
 a{orqvzf x a~]lw\_a«oripigom¤$fpqa|ujt`bs_ipaorqg
  W  
    
 4   4
     4   4

t
¤$\orvwa{otq£ln~wori1¦B¨ ¨$j=~naYotlw\QC E # \_or`Rortaq_aorhv]o= x at~naa 6c] ­¤$f¡ln\`>   ] + ] +$ 
 ¨ lGfgvGvzfg`bs_ipa
lnob¦ta~nfp«y0lw\j=l$lw\_fkv+vwyuvlna`'fkv]q_fgipsBo=lnaq£l®o=
ot~ x a~Y¨ ² P ,  []\a x y£qYj=`bfg{a|DlwaqYvzfgotq3o=  t0'' ''

,    
, 4   4
,    , 4   4
,  ,   4

" 
fkv${igajt~wigy arhfp¦mj=igaq£l]lwoRln\_a«~waavzyuvzlwa` 2  jtvnvzou{fkjmlna x ¤$f¡ln\@   j [  + [ 4G+ f [  + [ 4 h + f [  + f [  + [ 4 h h k '
[]\a{\Yj=q_ra@ot
{o£or~ x fpqj=lwa"v  «~not` 2  lwo   fkv
hvl®jRsBa~n`huljmlnfporq­_f ¨ ar¨
    ,   ,  + ,A4 + ,  + ,    
 ' ² P 3  ©+qa|_j=`bs_igabo=lw~j=qvw¦ta~nvwa«hq{lnfporq «or~lw\ab«~waabvwyuvlna` 2  ¤]jtv{ot`bs_hulna x fgq -g"0/ ¨®q x a~]lw\_a{\jtq_taot
{oDor~ x fgqj=lwav  ­ulw\_fkv$yDfgai x vlw\_a«oripigom¤$fgq_Rlw~j=qvw¦ta~nvwa+«h_qY{lwfgotq3«or~  "  W
"

  +  4  
	



   a   4  4    4 a  4   4     a 4  4  4        a 4   4 a   4   

 
¤$fplw\!¯j0sj=~j=`balwa~G¤$\_fk{\¯\jtv+lwo Yalnjt¬taqikj=~ntaaq_orh_t\3d«ot~@a|_j=`bs_igat­" $# <_¨®© Mj=`bfpigy
"   U U o=
lw~j=qvw¦ta~nvwa+«hq{lnfporqv$fkv+vzfg`bs_igy,tfg¦taq Dy

C 'E% \  ] "   U U ­¤$f¡ln\ ,> 

] + ] +?+   j=q x'&  )
jRqDh_`Ya~+{\_orvwaqvz`0jtipi1aq_oth_r\3vwoRlw\j=lC 'E% \  ] "¯~njtq_ta"v¤$f¡ln\_fpq3ln\_aj=igiot~j x fghv  ¨ ² P B  © «hq{lnfporq$ «or~¤$\fg{\3j=igiB{otq x fplwfgotqYvotCa`b`bj)*jt~waG¦ta~wfp§a x «ot~lw\_a@¦Z¨ ¨ot   fgv
rfp¦raq £y   , + ,(A   ,(  + ,( 4 + ,(   6 X,  ,(  a ,A4 ,( 4 + ,(  6 , 4 ,(   
 ² P 2  []\fgv$vzlwas3fkv]iga¢l+lnoln\_afgqrlna~navzlwa x ~naj x a~"¨
STSVU WYX&Z[X
   	 ( 
  :3:;#+ 3	 
 oq.'. b.  vDwu4.oq480 +
>~wor` ln\_a >~@rYaq_fphYvlw\aot~na`­lw\_a~wa,a|ufgvzlnvjq_afpr\£Bot~n\_\_o x o=]ln\_a,or~wfgtfgq j=q x j3«h_qY{lwfgotq, g    R 
    vwh{\ lw\j=l®}~notsBa~wly¯fgv$vnjmlnfgvz§a x «ot~ ,
­Yj=q x lw\_a`0j=lw~nf¡|
J  , , ,& 
fkvbfgq£¦ra~wlwfg_igat­¤$fplw\ ,3    K +)'*')'%+W  L-/.  jtq x j A  +)'*')'%+ A   k jvwal0o=fpq x fg{avbfgq j ] +*')')')+ ! k ¨ fplw\othul®igorvnv$ot
raq_a~njtipfplyt­u¤a{jtqjrvwvwh_`balw\Yjml     d¥sYo£vwvwfg_ipy3jm¢lna~®{\jtq_tfgq_ ,;fpq£lwo   ,¨  a x a§Yq_aHDy   `  ] 
	 H 	 ! H 	 C 'E G -|K ,  C E G ` # G  U¤$fplw\,>   >  K +)'*')'*+ >  L-/.  ­%j=q x  M  j >  +)')'*')+ >  k ¨  a vz\_om¤ lw\_aRlw\~waaRs~worsYa~zlnfpa"vGot[]\aot~na`<r¨
4  ¶ P ²  ³ ,  a\j¦ra     
    ] 	 H 	  H 	 C 'E G -|K  ,   C E G ` C E G 
  `   G  U ]

 	 H 	  H 	 C 'E G -|K  ,   C E G ` 
Y
C E G  H 
    G  U &

9* 
¤$\a~naT\

x aq_o=lnavlw\a x ar~waa@ot\_or`bottaq_afply ot 

­_fS¨ at¨ 
 
CFEG `  CFEG 
  ` H   ¨
4  ¶ P ²  ³ 3  a\j¦ra
  C `  ] 	 H 	 ! H 	 C 'E G -|K ,  C E G  `%#  G  U ] 	 ] C 'E 	 H 	   H   	 C 'E \ G  ] -|K ,  C E G  `   G  U ]

C 'E 	 	   	 C 'E -|K ,  C E `     U C 'E   `
¤$fplw\3ln\_alw\_fg~ x a£hj=igf¡ly {ot`bfgq_R«~wor` lw\_aMjr{l$ln\jml"­u«ot~+jtq£y vz`boDo=ln\,«h_qY{lwfgotqd"¯otq`
­ R H R "  H   G  U   R 
R H R "  H  G  U '
]_^DS`]Ra
 
			
	 	 !#"$%&'"() 1*
4  ¶ P ²  ³ B  a\j¦ra  , ,&    ,  ] 	 H 	  H 	 C 'E G -|K ,  C E G `Y  G  U   )  U ]

	 H 	  H 	 C 'E G -|K  ,

CFEG  C G  ,  `  )  U   G  U ] 	 H 	  H 	 C 'E G -|K  , ,  C E G `  )  U C 'E G   G  U ]

 	 H 	  H 	      G  U     +
¤$\a~naGln\_alw\fp~ x a£hj=igf¡ly {ot`ba"v«~wor` lw\_aMjr{l$ln\jml ,   C E G   , C E G   , ,  C E G  C 'E G '  c :y{orq£lwfgq£hf¡lyr­B#&%#(')   fkvj=ikvzo,fpqD¦ta~zlnfpipafgq j,q_afgt\DBot~n\_oDo x o=lw\aor~wfgtfgq¨+ qD¦ta~zlnfpfpigf¡lyorqQ
 fkvln\_aq orulnjtfpqa x «~not`  c>­!jm¢lna~ x f Za~naq£lwfkjmlnfpq¤$f¡ln\ ~wa"vzsBa{llwo , lw\_a a £hjtipfply   C E G  C 'E G   ` ¨
 oq.'. b.   480 02{ (C%alc\ a ] x aq_o=lnaln\_aRot~ x a~@o=Qq_fgigsYotlwaqY{y¯ot  ¨  alj=¬raV,!8jrv+ln\_aqDh_`Ya~o=aipa`Raq£lnv@o=T@
otigaq=lw\$\ jml`borvzl¨  a x aq_otlwa 
  :¦ ;     j=q x ,
  :¦  ;     ­
«or~ A  ] +)'*')'%+ !­¤$\a~na8  j   +)'*')'%+   k x aq_o=lnavlw\_a@¦Z¨ o=  ­_jtq x 8  j ,  +)'*')'%+ ,   k x aq_o=lnavlw\_a@¦Z¨ o= 2 'Z¨  otqYvzf x a~qom¤ lw\a«otigipom¤$fgq_ x fgvzlw~nfg_hulwfgotqj=l$jtq3jt~wf¡ln~njt~wy0sBotfgq£l  +P1$  
  ' W
eDsj=q Y   
 ,  
 1$  +*')'*')+   '
 , '
 1?  ':y}~notsBa~wlyo=(C%a`b`0jjtq x }~notsBa~wly$o=(C%a`b`0jG_­mf¡lv x fg`baqvwfgotqfkv=,! jtq x fpl
fkvfpqD¦toriph_lwfg¦tat¨Ga§Yq_a+ln\_a+«oripigom¤$fpq`0jmlw~nfk{ave  `    
  ')')'  '
 `W jtq x ,  1?  ! ,  
 1$;')'*' ,  '
 1? # ¨ >_~not`
}Q~worsYa~zly ot Ca`b`bjr­_j=q x Dy0lw\ajtvnvzh_`bsulnfporq ot C%a`b`0j0u­uajr{\ ¦Z¨ ¨
  1  ^ 6_  
Y `, 
Y 1? 
fkvCE%# \_or`bottaq_aorhv1¤$fplw\
	>   ,> + >  j=q x ¤$\a~naF,>  ~navws¨8>G x aq_otlwa"v1lw\a¤afgt\£l%¦ta"{lnot~%jrvwvwou{fkjmlwa x
¤$fplw\$2 '  ~navws¨  ¨ :y []\_aor~wa` t­Dln\_a~naa|ufgvzlnv$jR`0j=ss_fpqS     
  '1R 
   vwh{\ lw\j=l
@
 +X1?  
  ' +     +X1?    a   1  +X1? ,  1?  &  1= 
[]\a~na«ot~na
@
 +X1?  
  ' +   1  +X1? 6     +X1?   ` ,  1$    9A 
STSVU WYX&Z[X
c   	 ( 
jtq x      +P1$   1  +P1$       +X1? !   6   ` ,  1$   # '  G
>~wor`'}~notsBa~wlyI*fgq[]\_aor~wa`<®ln\_a~njtq_¬0o=lw\_aj=Bom¦ta@`0jmln~wfp|,jml
 +X1?  ,& + &  fgv]arhYj=iBlwobq­
vwoRlw\j=lS# %# )
,& + &  fkv]fpqD¦ta~zlnfpipar¨ >~wor` }~notsBa~wly fpq[]\_aot~na` r­
@
 +P1$  
  ' + @XH ? & +   C E G  +X1?Y  C E G   +X1?('C%al$hv$qom¤ s_~nom¦taGlw\_a«oripigom¤$fgq_a£h_fp¦mjtipaq{a W
  +X1?  &       1? ¤$fplw\  V   
 ' R 
  ('   :yj=s_sipfk{j=lwfgotqo=ln\_afg`bs_igfg{f¡lG«h_q{lnfporqlw\aot~na`­Ylw\_fkvGs_~worsYa~zly \_oti x v®ipou{jtipigyvzfgq{a  & + &  &
jtq x #&%# )
& + &  fkv¯fgqD¦ta~zlnfp_igat¨6or~wa s_~na{fgvwaigyt­ln\_a~na a|Dfkvzlnv  ? & j=q x j¥`0j=s_s_fgq_      ' & +    R 
   vzhY{\¯lw\Yjml   +\_ori x v®¤$\_aq_a¦ra~ 1   ' & +    ¨eDfgq{a 1   ' & +    fg`Rsipfgavln\jmlcC 'E G 1   ' & +    ¤$\_aq HI f & + H h  H ? &  ­Yj=q x vzfgq{aI  +P1$  &     CE G  +X1?Y  & ­orq_a x a x h{a"vlw\j=l
@ 1   ,& +   X+ @XH f & + H  h + C E G   1?    C 'E G 1$ '
[]\fgvvz\_om¤+vlw\j=la"jt{\{or`bsYorq_aq£l 

o=  fkvj®vz`boDo=ln\\_ot`botraq_aothv1«h_q{lnfporq­lw\DhvsBotigy£qot`bfgjtiS¨
[]\a~na«ot~na]f¡lv x or`0j=fgqRot x a§q_fplwfgotq {j=qbBa+a|Dlwaq x a x lwo 
 ' ¨ +om¤­mlj=¬ra+j=qDy  +X1?  
  ' vzhY{\
ln\jml9  +P1$  & ¨[]\a~naa|ufgvzlnv H  & vwh{\3lw\j=lC 'E G 1   ' ,& +    ¨]eDfgq{aI  CE G  +P1$W  & ­_otq_ax a x h{av]ln\jmlTCWEG Z   C 'E G 1?  CFEG   1? j=q x ln\Dhv Z   1? ¨][]\_a~wa«ot~nalw\_a   sj=~wl®ot   
fkvs_~nom¦ta x ¨
©Gv«ot~lw\_aotlw\_a~vwf x a@otlw\a@fg`bs_igfg{jmlwfgotq%­uf¡    1? ­Dlw\aq lw\_a~wa@a|ufkvlv H ? & vzhY{\
ln\jmlC 'E G 1   ' ,& +    j=q x CFEG     C 'E G 1$ ¨Q[]\_a~na«or~wa3  CE G  +X1?Y  & ­u¤$\_fk{\3fpq3lwh~wqfg`Rsipfgavln\jmlF  +X1?  & ¨
>~wor`

" ­   1  1? 36        1?W+X1?      1    1?W+X1?     1?Y ,  1?   '  *< 
¤$\a~naln\_a0igjrvla £hjtipfply¯{or`bav@«~not`

1A ¨beDfgq{a  &  fkvo=~njtq_¬Z!­fpl«otigipom¤+vGln\jml ##
&  fgv
jtigvwoRo=!~njtq_¬;!¨Q[]\_a~navzhvza£h_aq£lwigy a|Dfkvzlnv$jbsBa~n`huljmlwfgotq3`0jmln~wfp| 	 vwh{\ lw\j=l  1 &       4L 	
¤$fplw\    
  fgq£¦ra~wlwfg_igat¨ Cal]hYv$q_om¤I{otqvwf x a~lw\a`bjts_s_fgq_ , V   
 'R 
 '  x a§qa x Dy,  1?     1? 	 1? 4 
¤$fplw\

	 1$ 4  ! & \ 'B ] q  'P # 	 1 ¨  a@\Yj¦ta , 1 ,&       4&  'P  	 '
]_^DS`]Ra
 
			
	 	 !#"$%&'"() &=
C%al C G G x aq_otlwalw\_a x fgigj=lwfgotq otqD
 '?P x a§q_a x Dy  	 C 'E G 1? 4  C G G  	 1$ 4 jtq x C G GG,ln\_a x fpikjmlnfporq
orqg
 ' x a§q_a x Dy
C G GG 1   CFEG && CIG G  1T':y¥hvwfgq_8ln\_aMjt{l ln\jml   C 'E G 1$  C E G   1? otq_aot_lnj=fgqv ,  C 'E G 1?  C G GG ,  1? ¨ª[]\_fkv ~naikjL#
lnfporq o=\ot`botraq_af¡lyr­+{ot`_fgq_a x ¤$fplw\ lw\_a;Mjt{l lw\j=l # '#
,&  fgv fpqD¦ra~wlwfg_ipar­$fp`bs_igfgav lw\j=l , fgv
j x fBaot`bot~ns_\_fkvw` «~wor` 
 ' lwo 
 ' ¨ >_~not`  *< ­Gfplfgv3a"jtvwylwo¥vz\om¤<lw\j=l­@¦Dfgj8lw\_fkv x fBaoG#
`bor~ws_\fgvw`­32 ' fkvlw~j=qYv«or~w`ba x fgqrlnolw\_a8a £h_fg¦jtipaq£l;{otq£ln~worivzyuvzlwa`  & tfg¦taq Dy  * 3¤$fplw\)
  + (A  ! & \ 'P ]   'P # 	 , 
  ,    + (AW ¨
 oq.'. b.   480 02{ 0
 orqvwf x a~lw\_a«oripigom¤$fpq x fgvzlw~nfphulwfgotqjml®jtq3jt~w_fplw~j=~nybsYorfpq£l
 + (A  
 ' 
 '
eDsjtq Y  ,  
 `,  
 6 ,  
  6 (   +)'*')'*+  , 
 `,  
 ` 6 , 
  6 (A  '
Gvzfgq_0jtvnvwh_`bsulwfgotqv]A]j=q x {*]jtq x lw\_a@Mjt{l$lw\j=l­u«or~+j=qDy  A +   ­
   , 
  `, 
  ` 6 ,
   6 (A  +  , 
 `, 
 `6 , 
  6 (     f , 
 + ,   h
 `f , 
 + ,  h
 6 f ,
 + ,  h
  6 (A 
orq_a{j=q ¦ta~wfp«ylw\j=lRln\_fkv x fgvzlw~nfg_hulwfgotq fgvRfgqD¦totighulnfp¦ra j=q x ot x fg`Raqvwfporq8a £hjtilwo ,!¨8[]\_a¦Z¨ ¨
jrvwvwou{fkjmlna x ¤$f¡ln\¥lw\fgv x fkvln~wfg_hulnfporq j=~naDC \ 'E  'E ]G # \_ot`botraq_aothv¨:yjts_s_igfg{jmlnfporq¥o=[]\_aor~wa` 
ln\_a~naa|ufgvzlnvGj `0j=s_sfpq_$ 
   
 '  
 'R 
 '  vwh{\ln\jml3 ,& + &   & j=q x }Q~worsYa~zly¯botQlw\_a
iga`b`0j \_oti x v¨bor~waom¦ta~­Ylw\_ab~j=q_¬otln\_a@zjt{or_fkj=q;`0j=lw~nf¡|
 # %# )
,& + &  #&%#
,& + & Y fgva£hj=i
lwo ,!¨:y,vwalwlwfgq_ (. & fpq~naikjmlwfgotq  A ­uorq_a x a x hY{av$lw\j=l
@   
 ' +     + &    `  & + ,  `  ! ,  
 `('*')' , '
 `%#
jtq x ­_vwfpqY{a ,  ` fkv$fgq£¦ra~wlwfg_iga®d¥Dy,jtvnvwh_`bsulwfgotq3 ]j=q x Dy,\ot`botraq_af¡ly0ot%lw\a , 

 vd ­
@   
 ' +     + &   & '
[]\a~na«ot~nat­#&%#
,& + &  `hvzlBa0fgq£¦ra~wlwfg_iga¤$\_fk{\vz\_om¤+vGln\jmllw\abvwh_$# ¦ta"{lnot~, fpq[]\_aor~wa`6bfgv
hYvlj0sYa~w`hulnj=lwfgotqot
ln\_a{ot`bsBotq_aqrlv$o= ( ­YfS¨ at¨Q,"  ( \  ] +)'*')'%+*( \ ' ]  ¨®©®vGj0`0jmlzlna~Go=Mjt{l­¤ab{j=qjtvnvzh`Ralw\j=l$,  ( Dy¯{\j=q_rfpq fgq£lwoV G x a§qa x Dy  G    -|K \  ] ¨[]\_a~wa«ot~naBo=ln\
}Q~worsYa~zlnfpa"v®@j=q x *o=1ln\_aGiga`b`0j«oripigom¤¥Dy0j=s_s_igfk{jmlnfporq o=%[]\aot~na` t¨ ®om¤­Dvwfgq{a9 ,& + &   &
jtq x # %# )
 + &   & d @   
 ' d­uotq_a x a x h{av]ln\jml
@   
 ' +   + &   & '
STSVU WYX&Z[X
1A   	 ( 
[]\fgv vw\_om¤+vlw\Yjml0lw\a   sjt~zl0o=}~notsBa~wly c\_oti x v¨ [jyDigot~ vRa|DsYj=qvwfporq ot3  + (A fgq lw\_a
qafgt\DYor~w\o£o x o=
& + &  yDfpai x v
  + (A  # %# ,& + &  ( a    (   a     (   ( a    (   a      (   '
[]\a~na«ot~na
  ?
&    + (  J  jtq x (  &     + (A & '  = C%alhvjrvwvwh_`ba$lw\Yjmlln\_a~na+a|Dfkvzlnv    +*(   &  vzhY{\blw\j=lB    +*(    & lw\aq­DDyhYvzfgq_}Q~worsYa~zly
r­
@XH +   C 'E G   + C 'E G (    &
¤$\fg{\{orqrln~nj x fk{lnv

= ¨Q[]\_fkv$s_~nom¦tavlw\a   sj=~wl+o=!}~notsBa~wly c¨
 #$m#$
#+,#$
-p)/ ¨b¨ :aq_qYj=q_f!j=q x }
¨Z+oth{\_orq¨$ot_hYvlvlj=_fgipfg j=lwfgotq¯ot
	Yjmlj=q x {\j=fgq_a x vzyuvzlwa`bv¨@ qC8I PSY"    !   9"" " M C  AOm­sjtta"v]A=cDuA=cA_­_< <8=_¨- L/¨  ¨ :~nou{¬talwl¨'©GvzyD`bsulwotlwfk{vlj=_fgipfply j=q x «aa x jr{¬ vlj=_fgigfp "jmlwfgotq%¨' q ¨ eZ¨®fpigip`0jtq
¨  ¨ :~nou{¬talwlbjtq x ;¨ ;¨euhvwvw`0j=q_q%­a x f¡lnot~v­ 
 	  "" !	  " ( "
	   ! I`= " %m¨:fg~w¬mjthvza~­Z<t*¨
- *G/  ¨ :$¨ Gfp|Dorq­ ¨ ¨ Gj¤+vwotq­:$¨Za~nta~notriph%­£jtq x >¨B\jtq_¨!$or_hvzlln~njr{¬Dfpq_Rj=q x ~nathigjG#
lnfporq3{otq£lw~noti«ot~]`bot_fgigaG~notBo=lv¨^E '"  !	   YLI      BIR K) G 	K"    G
 ­
" W *< <u_9A­£=rt¨- c / = ¨ :@¨ >otigigjtq x ¨ UGq lw\a¯~wotlnvn{\_fgi x # vzlwafgq ipfp¢lwfgq_ ln\_aor~wa`3¨  ()(Q 	\S 
	  	  "" !	 
"-+)I  !	  ­B W 9A8=B<_t­Y*<DtD¨- =L/$;¨D;®a~n`bav¨ ®fpigsBo=lwaq£lRj=q x \_fgt\$# ot~ x a~jts_s_~no|ufp`0jmlnfporqvo=$¦ra{lnot~§Yai x vzyuvzlwa`bv¨ E    "%Q1	")K­G** W *tuAtc­_< <t¨- AG/ ¨j¤+vw¬£f ¨ ;+ot`bortaqaothYvvlj=_fgipfg fgq_{otq£lw~notiuikj¤+v¨   G
 H `=R" %   3 GQ&K"$G"B= H
  #XE%m­GA W c <DY=u9A­< <t¨
- 0/ ¨j¤+vw¬DfS¨  ot`fpqj=lwor~wfk{v]ot!~najtipfg j=lwfgotqv+o=q_fgipsBo=lnaq£lG{orq£lw~noti%vwyuvlna`0v¨ q E    H
	K"    !  K%&"( 
 "	FE"G% (DSX M    Om­usj=rav$=_u8=A­Y< <r_¨- G/ ¨j¤+vz¬Df ¨ +otqipfgq_ajt~Q{orqrln~wori£jtq x {or`_fgqjmlnot~nfg{v%otY¤ot~ x v¨u q.:@¨ rj=¬Dh_Z{ yD¬jtq xR ¨=$a%#
vwsBotq x a¬Z­_a x fplwor~nv­!  	 " 	T" "8BJI  " SG!	(     !  ¨ ®a¬£¬ra~"­1*< <t_¨- <G/ ¨ ©¨(C%fp #=~n~njtrj_­r}¨Bot~nfpq%­Djtq x  ¨e_j=`0vzorq¨®otq$# ~not_hvzlwqavnvot{orqrlnfpqDh_orhv\_ot`bortaqaothYv
vzlnjt_fgipfg a~nv+«ot~Gj 0q_a{orq£lw~noti%vwyuvlna`0v¨$ q EC<C<C   1  
 "		  K   G
 M- 
 AOm­
sYj=ta"v$8=8=D8At­*< < <¨
]_^DS`]Ra
 
			
	 	 !#"$%&'"() m
-gG/ ¨m¯j=fgq_fS­=}
¨tor~wfgq­  ¨ # :@¨"}
ot`bal­=j=q x  ¨=euj=`0vwotq¨UGqlw\a~not_hYvl!vlj=_fgipfg j=lwfgotqot{\j=fgq_a x
vwyuvlna`0vDy{otq£lwfgqDh_othYv
«aa x jt{¬Z¨ q E C<C<C  9  
 "		 K   !  M- 
 AOm­=sjttav
*tcDtR*tcDrD­< < <_¨
-gt)/}
¨Zot~nfpqj=q x  ¨Beuj=`0vwotq¨<:!|usBotq_aq£lwfkj=i%vzlnjt_fpigfg jmlnfporq ot
qotq_igfpqaj=~ x ~nfp¢lwigavnv+vzyuvzlwa`bv]¤$fplw\
~nothvlnq_avnv@lwoh_q`Ro x aipa xx yDqj=`bfk{v¨   !   SK
	( 	 1 !	    #%I FIRIG 	
	Y­c W  R*8A_­Z*< < <_¨
-g"L/}
¨®or~wfgq jtq x  ¨+eujt`bvwotq%¨ ©7{\jt~njr{lna~nfp "jmlwfgotqotlw\_aigfpaj=igta_~nj8~njtq_¬¥{orq x fplwfgotq Dy
ln~njtqvw¦ta~vwasBa~nfpo x fk{«h_q{lnfporqv¨ q
EC<CPC  9  
 "		  K   ! TM- 
 AOm­1sjttav
* <trR* < <8*_­£ttr_¨
-g9*G/}
¨Zot~nfpqj=q x  ¨Ye_j=`0vzorq¨}~jt{lnfg{j=ivzlnjt_fpigfg jmlnfporq ot!jb{igjrvwv]ot
q_orq_igfpq_a"j=~$vwyDvzlwa`0v¨_jts_s_igfF#
{jmlnfporq lno;{\jtfpq vwyDvzlwa`0vj=q x `bor_fpiga0~notBo=lnv¨, qME C<C<C  9   
 "		 K   ! M- 
  Om­_sYj=ta"v+G<r <_G< <=c­£=tr_¨-gc / C¨ }
¨+$otlw\vn{\_fgi x j=q x :$¨®¨+e£lnafgq¨ ;®yDsYoDaigigfpsulnfg{ x fZa~naq£lwfkj=iotsBa~jmlnot~v,jtq x q_fgigsYotlwaq£l
r~worh_sv¨P     =g­%1*£ W mcu *r=­_*<D A¨-g1=L/ = ¨Ze£lwaMj=q_f ¨}
oripyDq_or`Rfkj=ijts_s_~no|ufp`0jmlnfporqvlwo {otq£lw~notivwyuvlna`0v$j=q x igou{j=i{otq£ln~woripikj=_fgigf¡lyr¨ qE C<C<C  9  
 "		     G
 M- 
 AOm­_sjtta"v *8* *t_­B*<r8=_¨-g9AG/ ;¨  ¨YeDhYvwvw`0j=q_q¨ Cfga_~njr{¬talnv]j=q x igoD{j=i%{otq£lw~notigikj=_fgipfply W jRvwh {fgaq£l®{otq x fplwfgotq3«or~+vw{j=ikj=~W#
fgq_s_h_lGvzyuvzlwa`bv¨ E     GI KT    ! D K  SG!	()	 1 !	 Y­B_ W AtA_u9*_­*<t8*_¨
STSVU WYX&Z[X
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
